In order to elucidate the antiferromagnetic (AF) spin structure below T N ∼ 35 K and to clarify the diffusive behavior of Li + ions in the layered compound Li 2 MnO 3 , we have performed a muon-spin rotation and relaxation (μ + SR) experiment using a powder sample in the temperature range between 2 and 500 K. Below T N , the zero-field (ZF-) μ + SR spectrum showed a clear oscillation that consists of two muon-spin precession signals with different frequencies. Combining with the dipole field calculations, it was found that the most probable spin structure for Li 2 MnO 3 is the C x -type AF order in which Mn moments align parallel or antiparallel to the a axis in the [Li 1/3 Mn 2/3 ]O 2 layer, and a ferromagnetic chain along the a axis aligns antiferromagnetically along both the b and c axes. The ordered Mn moment was estimated as 2.62μ B at 2 K. In the paramagnetic state, ZF-and longitudinal-field μ + SR spectra exhibited a dynamic nuclear field relaxation. From the temperature dependence of the field distribution width, the Li + ions were found to diffuse mainly along the c axis through the Li ion in the [Li 1/3 Mn 2/3 ]O 2 layer. Also, based on the field fluctuation rate, a self-diffusion coefficient of Li + ions (D Li ) at 300 K was estimated as 4.7(4) × 10 −11 cm 2 /s with the thermal activation energy E a = 0.156(3) eV.
In order to elucidate the antiferromagnetic (AF) spin structure below T N ∼ 35 K and to clarify the diffusive behavior of Li + ions in the layered compound Li 2 MnO 3 , we have performed a muon-spin rotation and relaxation (μ + SR) experiment using a powder sample in the temperature range between 2 and 500 K. Below T N , the zero-field (ZF-) μ + SR spectrum showed a clear oscillation that consists of two muon-spin precession signals with different frequencies. Combining with the dipole field calculations, it was found that the most probable spin structure for Li 2 MnO 3 is the C x -type AF order in which Mn moments align parallel or antiparallel to the a axis in the [Li 1/3 Mn 2/3 ]O 2 layer, and a ferromagnetic chain along the a axis aligns antiferromagnetically along both the b and c axes. The ordered Mn moment was estimated as 2.62μ B at 2 K. In the paramagnetic state, ZF-and longitudinal-field μ + SR spectra exhibited a dynamic nuclear field relaxation. From the temperature dependence of the field distribution width, the Li + ions were found to diffuse mainly along the c axis through the Li ion in the [Li 1/3 
I. INTRODUCTION
Alkali transition-metal dioxides, AMO 2 , with an α-NaFeO 2 -type structure were originally studied due to their complex magnetic nature caused by a competition between geometrical frustration and antiferromagnetic (AF) correlation on the two-dimensional triangular lattice of M ions, [1] [2] [3] which is formed by a network of edge sharing MO 6 octahedra. Besides the strong interests in their magnetism from the viewpoint of condensed matter physics, AMO 2 , particularly LiMO 2 , has been heavily investigated as a positive electrode material for Li-ion batteries due to a reversible extraction (insertion) reaction of Li + ions from (into) the lattice. [4] [5] [6] [7] The target compound, Li 2 MnO 3 , belongs to a monoclinic system with C2/m space group, and a = 0.4937 nm, b = 0.8532 nm, c = 0.5032 nm, and β = 109.46
• at ambient temperature (T ) 8 (see Fig. 1 ). Since the Li 2 MnO 3 structure consists of alternating stack of a Li plane and [Li 1/3 Mn 2/3 ]O 2 layer along the c axis, Li 2 MnO 3 could be also classified as a layered AMO 2 .
Magnetically, Li 2 MnO 3 is known to be an AF insulator with T N ∼ 50 K. 9, 10 Neutron diffraction measurements 8 revealed that the AF unit cell is doubled along the c axis. In addition, the AF spin structure was proposed as an A-type AF order, in which the Mn moments align ferromagnetically along the c axis in the [Li 1/3 Mn 2/3 ]O 2 layer, but antiferromagnetically between the adjacent [Li 1/3 Mn 2/3 ]O 2 layers. However, since another structure was also proposed in Ref. 8 , the AF spin structure is still not fully understood at present.
Electrochemically, Li 2 MnO 3 was found to exhibit a reversible extraction-insertion reaction of Li + , 11 which led to an intensified effort to clarify the relationship between structural and/or physical parameters and electrochemical properties. [12] [13] [14] [15] [16] [17] [18] Detailed electrochemical measurements combined with XRD analysis suggested the formation of oxygen deficiency during extraction-insertion reactions in order to keep charge neutrality. 19, 20 This was supported by recent first-principles calculations. 21 As a result, the Li 2 MnO 3 phase gradually transforms into a spinel-like phase during the extraction reaction. 22 Furthermore, since a solid solution system between Li 2 MnO 3 and LiMO 2 has a very high capacity compared with those of the conventional positive electrode materials, 19 such "Li 2 MnO 3 -stabilized LiMO 2 " compounds are extensively investigated as a positive electrode material for the future Li-ion batteries. 23 Despite a main stream of research towards the battery application, the nature of Li 2 MnO 3 , particularly, a correct AF spin structure and a diffusive behavior of Li + ions, are still not clarified so far. If the A-type AF order is formed below T N , as in the case for NaNiO 2 40 Although preliminary results on Li 2 MnO 3 were already described elsewhere, 41, 42 we definitely need more detailed analysis in order to determine the AF spin structure.
Concerning Li diffusion, since magnetic ions in the lattice strongly affect a Li-NMR signal even in a paramagnetic 44 where Li x CoO 2 is known to be a common cathode material for Li-ion batteries, 4 This is because muons do not feel fluctuating magnetic moments at high T , but instead sense the change in nuclear dipole field due to Li diffusion. Even if magnetic moments still affect the muon-spin depolarization rate, such an effect is, in principle, distinguishable from that of nuclear dipole fields. 48 In particular, a weak longitudinal field (LF) can be applied that decouples the magnetic and nuclear dipole interactions. 49 Here, LF means the magnetic field parallel to the initial muon-spin polarization. Following upon the initial attempt for measuring D Li by μ + SR, 47 
II. EXPERIMENTAL
A powder sample of Li 2 MnO 3 was prepared by a solidstate reaction technique between LiOH·H 2 O and MnOOH (Li/Mn = 2.00/1.00) at 900
• C under air for 12 h. According to a powder x-ray diffraction (XRD) analysis, the sample was assigned as a single phase of a monoclinic symmetry with space group C2/m.
In order to know the macroscopic magnetic properties of the sample, susceptibility (χ ) was measured below 400 K under a H 10 kOe field with a superconducting quantum interference device (SQUID) magnetometer (MPMS, Quantum Design). The Weiss temperature ( CW ) and effective magnetic moment (μ eff ) were determined from the χ (T ) curve by fitting to a Curie-Weiss law, χ = C/(T − CW ) and Here, N is the density of Mn spins, μ eff is the effective magnetic moment per Mn, and k B is Boltzmann's constant. As a result, we obtained CW = −32 ± 2 K and μ eff = 3.86 ± 0.02μ B , respectively (see Fig. 2 ). These values are similar to those for polycrystalline samples found in the literature. 9, 10 The μ + SR spectra were measured at the surface muon beam lines using the Dolly spectrometer of SμS/PSI in Switzerland and the MuSR spectrometer of ISIS/RAL in United Kingdom. At PSI, the approximatively 500-mg powder sample was placed in an envelope with 1 cm × 1 cm area, which is made of Al-coated Mylar tape with 50-μm thickness in order to minimize the signal from the envelope. The envelope was then attached to a low-background sample holder in a liquid-He flow-type cryostat in the temperature range between 1.8 and 250 K. At ISIS, on the other hand, a ∼2 g powder sample was pressed into a disk with 23-mm diameter and 1-mm thickness and packed into an Au O-ring sealed titanium cell. The window of the cell was made of a Kapton film with 50-μm thickness. The cell was mounted onto the Al plate of a He flow-type cryofurnace in the temperature range between 50 and 500 K. The experimental techniques are described in more detail elsewhere. another precession signal, which we ignored in the previous report. 42 The Fourier transform spectrum of the ZF-μ + SR spectrum indicates that the second oscillatory signal has a frequency of ∼20 MHz (=f L ) at 1.8 K [see Fig. 3(b) ]. Since the two frequencies decrease with T and finally disappear at T N (∼35 K), the result indicates the presence of two magnetically different muon sites in the lattice.
In fact, the ZF spectra were well fitted by a combination of two exponentially relaxing cosine oscillations for the static internal field and an exponentially relaxing nonoscillatory signal:
where A 0 is the initial asymmetry, P ZF (t) is the muon spin polarization function under ZF, A AF,H , A AF,L , and A tail are the asymmetries associated with the three signals. f i (≡ω μ i /2π ) is the muon Larmor frequency corresponding to the static internal AF field, φ i is the initial phase of the oscillatory signal, λ i and λ tail are the exponential relaxation rates of the three signals. Figure 4 shows the T dependencies of the μ + SR parameters obtained by fitting the ZF-spectra using Eq. (1). The f H (T ) and f L (T ) curves exhibit an order parameter like T dependence, as expected. By using a power law,
β , between 27 and 36 K, which corresponds to 0. 25 Since A tail /A 0 ∼ 0.3, the A tail signal is assigned to the "1/3 tail" signal, which is caused by the field component parallel to the initial muonspin polarization. Here, A 0 ∼ 0.24 was deduced from the measurements above T N (see Sec. III B) and a reference silver sample. This also indicates the presence of a lost asymmetry (A lost ) in the ZF spectrum below T N , which is simply estimated by
We should note that a full asymmetry was observed above T N . Furthermore, a fast relaxing signal is unobservable in an early time domain of the ZF spectrum at 2 K [see Fig. 3(a) ]. This implies the presence of a muonium state, i.e., a hydrogen-like "μ + e − atom," which sometimes exists in an insulator. According to the T dependence of resistivity (ρ) for Li 2 MnO 3 above ∼475 K, 57 ρ increases with decreasing T due to its insulating nature. Thus it is reasonable that a muonium state appears only at low T . In fact, the appearance of a muonium state only at low T is also reported for ZnO below 30 K, 58 and for GaN below 25 K. 59 Since the muonium Larmor frequency is faster by about 100 times than that of the muon, a fast relaxing signal is naturally too fast to be visible by conventional μ + SR. The other possible explanation for A lost that some muons locate at the site with a very high internal field will be discussed in Appendix.
As T increases from 2 K, the relaxation rate of the AF signals is almost T independent until ∼30 K, and then increases with further increasing T towards T N . This is a common behavior for the critical phenomenon at the AF transition. The initial phase (φ i ) for each oscillatory signal ranges below ±20
• except in the vicinity below T N , where its determination is difficult, suggesting commensurate AF order to the lattice. This is because a "one channel offset" of the μ + SR spectrometer leads to a phase shift φ ∼ 15
• for the oscillatory signal with f = 40 MHz. Therefore φ i is assigned to be eventually zero. We will further discuss the AF spin structure for Li 2 MnO 3 using the present μ + SR result in Sec. IV B.
B. Magnetic behavior above T N
In order to study the magnetic behavior above T N , we also measured the μ + SR spectrum until 70 K in a weak transverse field (wTF around 30 Oe) in a field cooling mode. Here, "weak" means that the applied field is significantly lower than any possible spontaneous internal fields (H int ) in the ordered state. The wTF-μ + SR technique is sensitive to local magnetic order via the decrease in the amplitude (asymmetry) of the μ + spin precession signal and the enhanced μ + spin relaxation. The wTF-μ + SR spectrum was fitted using a combination of a slowly relaxing precessing signal due to the applied wTF and Eq. (1):
where P TF (t) is the muon spin polarization function under wTF, f TF is the muon Larmor frequency corresponding to the applied wTF, φ TF is the initial phase of the precessing signal, σ TF is the Gaussian relaxation rate, and A TF is the asymmetry 60 This would suggest the effect of low dimensionality on χ in Li 2 MnO 3 .
C. Li
+ diffusion at high temperature
In order to know the temperature dependence of the μ + SR spectrum in the paramagnetic state, Fig. 6 shows the ZF and LF spectrum for Li 2 MnO 3 obtained at 200, 375, and 500 K. At each T , the ZF spectrum shows a damped Kubo-Toyabe behavior. This is characteristic for the case that the muon spins are depolarized by internal fields of both electronic and nuclear origin. 48 Here, the former is caused by a fluctuating magnetic field due to 3d electrons of Mn 3+ ions (H E int ), while the latter is caused by nuclear magnetic fields due to 6 Li, 7 Li, 55 Mn, and 17 O (H N int ). Since the natural abundance of 6 Li, 7 Li, 55 Mn, and 17 O is 7.59%, 92.41%, 100%, and 0.038%, respectively, the effect of 17 O on H N int is negligibly small.
Furthermore, the applied LF (=10 or 5 Oe) clearly reduces the relaxation rate, i.e., a decoupling behavior is observed at 200 K. Although such a "decoupling" effect is very weak at 375 K, indicating the increase in a field fluctuation rate of H N int with T , the same LF decouples the relaxation rate again at 500 K. This means that H N int shows a static nature at 200 K, but dynamic at 300 K, and then becomes static again at 500 K, as in the case for olivine-type LiMPO 4 with M = Fe, Co, and Ni. 51, 53 In order to know the change in H E int and H N int with T , the ZF and LF spectra were fitted simultaneously by a combination of an exponentially damped dynamic Gaussian Kubo-Toyabe function [G DGKT ( ,ν,t,H LF )] caused by a fluctuating H N int due to 6 Li, 7 Li, and 55 Mn nuclear moments, 48 and an offset background (BG) signal from the fraction of muons stopped mainly in the sample cell, which is made of high-purity titanium:
where A 0 is the initial (t = 0) asymmetry, A KT and A BG are the asymmetries associated with the three signals. λ is the exponential relaxation rate, is the static width of the local field distribution at the disordered sites, and ν is the field fluctuation rate. When ν = 0 and H LF = 0, G DGKT (t, ,ν,H LF ) is the static Gaussian KT function G KT zz (t, ) in ZF. The low-T result suggests the presence of two different muon sites in the lattice. Although such situation is expected to be the same at T above T N , for the first site is predicted to be very similar to that for the second site (see Sec. IV A). Therefore the ZF and LF spectra at high T are well fitted by Eq. (3).
At first, we fitted the ZF and LF spectra using a common A BG in the whole T range and common, i.e., H LF independent, and ν at each T in Eq. (3). As a result, λ was found to be rather small compared with and ν and almost T independent in the whole T range. Therefore we finally fitted all the ZF and LF spectra using common A KT , A BG , and λ. Such a global fit provided that A KT = 0.1795 ± 0.0003, A BG = 0.0595 ± 0.0003, and λ = (0.0563 ± 0.0019) × 10 6 s −1 . Here, the origin of λ is a coupling between localized Mn moments and muon-spins, where the coupling constant J KT is expected to be very small, since λ is T independent. independent of T until ∼250 K, and decreases slightly with T , then finally levels off to a constant value (∼0.16 × 10 −6 s −1 ) above ∼425 K. On the other hand, ν starts to increase above around 250 K with increasing the slope (dν/dT ), reaches a maximum at 375 K and then decreases with further increasing T . Then, ν seems to level off above 475 K. Since the static behavior at high T excludes the possibility of muon-diffusion, the Li + ions are found to diffuse above ∼300 K and their diffusion rate increases with T , as in the case for LiMPO 4 . 51, 53 When ν becomes rather large compared with , such diffusion is too fast to be visible by μ + SR, resulting in the decrease in ν with further increasing T above 375 K, and finally, ν ( ) corresponds to the nuclear field fluctuation rate (nuclear field distribution width) mainly by immobile Li and 55 Mn above ∼450 K. The diffusive behavior detected by μ + SR will be discussed in detail in Sec. IV C.
IV. DISCUSSION

A. Muon sites
In the Li 2 MnO 3 lattice, there are two different oxygen sites, i.e., the O1 and O2 sites, as seen in Fig. 8 and Table I . Therefore, assuming that each μ is bound to the nearest O 2− ion with a typical bond length for oxides, namely, d μ-O = 1Å, 54 electrostatic potential (E) calculations using a point charge model suggested two possible muon sites in the vicinity of the O 2− ions, i.e., the μ1 and μ2 site, in the Li 2 MnO 3 lattice (see Table I and Fig. 8 ).
The calculations also indicate that the number density of the μ2 site is twice larger than that of the μ1 site. Furthermore, E for the μ2 site is slightly lower than E for the μ1 site. Therefore the muons located at the μ2 site are most likely to provide a major signal in the μ + SR spectrum, particularly at low T . However, in a paramagnetic state, (0 K) at the μ2 site (=0.598 × 10 6 s −1 ) is very close to that at the μ1 site (=0.562 × 10 6 s −1 ). This is consistent with the fact that, at T above T N , the ZF and LF spectra from Li 2 MnO 3 were well fitted by one signal [see Eq. (3)]. Note that the dipole field calculations provide at 0 K, while the lowest T , at which and ν were measured, was 175 K (see Fig. 7 ). As a result, due to a thermally activated motion of ions and muons, the measured is smaller by 40% than (0K). Such discrepancy is also observed for Li x CoO 2 29 and LiMPO 4 51-53 (see also Appendix).
B. AF spin structure
Here, we wish to discuss the AF spin structure, based on the present μ + SR result. Since there are two muon sites in the Li 2 MnO 3 lattice, which provide two distinct internal magnetic fields for the common AF spin structure (see Figs. 3 and 4 Moreover, the ratio between the two internal fields for each F -type disagrees with the experimental result, supporting the above conclusion. On the other hand, among the three C-type AF models, either C x or C y is a candidate for the AF order in TABLE I. Possible muon sites (μ n ), which locate 1Å away from O n , the position of the nearest O 2− , the position of μ n , the distance to the nearest Mn ions (d μ-Mn ) electrostatic potential (E) at μ n , the number of the site per crystallographic unit cell, and the nuclear dipole field distribution width at 0 K ( ) for Li 2 MnO 3 determined by electrostatic potential calculations and dipole field calculations. The calculations were performed by a computer program DIPELEC, 61 which uses a point charge model. TABLE II . The internal magnetic field at the two muon sites for the six AF models proposed by neutron. The AF model C n and F n with n = x,y,z, the internal magnetic field (H ) at the μ1 and μ2 site, the maximum value of the muon-spin precession frequency (f max μi ) at the μ1 and μ2 site, the ratio between the two f Fig. 9 . The C x -type order is reasonably formed when the interaction between the nearest neighboring Mn ions is AF and the interaction via the Mn-OLi-O-Mn path is AF both along the c axis and in the ab plane. Indeed, μ ord Mn is estimated as 2.62μ B at 1.8 K, which is in good agreement with the neutron result (2.7 ± 0.3μ B ) at 4 K.
AF order
According to the simulation of the neutron diffraction patterns with the wavelength λ n = 2.522Å, the F z -type order yields a magnetic diffraction peak at 2θ = 15.1
• with the intensity of 75% of that at 2θ = 34.1
• . The peak at 2θ = 15.1 is the most intense magnetic diffraction peak for both the F x and F y -type order. On the other hand, such diffraction peak no longer exists for the C-type order. Moreover, either C x or C z -type order provides an acceptable result for explaining the reported diffraction pattern. Therefore the F -type order is highly unlikely to fit the experimental data, but either the C xor C z -type order is more likely. Consequently, the C x -type AF order is very reasonable both for the present μ + SR result and past neutron data.
Furthermore, we consider the effect of the FM arrangement in the F -type order on H μ , namely, the hyperfine field (H hf ) due to the local spin density at the muon site might significantly contribute to H μ , as in the case of ferromagnetic RCoAsO and K 2 Cr 8 O 16 . 66, 67 For the compound with an α-NaFeO 2 -type structure, F -type AF order is known to be formed in NaNiO 2 below T N ∼ 23 K. 24, 68 However, the observed H μ (∼60 MHz at 2 K) was in good agreement with the prediction from dipole field calculations. 40 This suggests that H hf is not so large compared with that for ferromagnetic materials. Hence it is reasonable that the F -type order is excluded for Li 2 MnO 3 , based on the comparison between the measured H μ and the prediction from dipole field calculations.
C. Li diffusive behavior
We attempt to evaluate a self-diffusion coefficient of Li + ions (D Li ) using the present μ + SR result. At first, we need to determine the diffusion pathway(s) of Li + . Here, we should note that there are three different Li sites in the lattice (see Fig. 8 ). Also, since the regular Li1 site is fully occupied by Li, we naturally consider only the jump to interstitial sites. The electrostatic potential calculations suggest six possible interstitial sites for the Li2 and Li3 sites in the ab plane, whereas two possible interstitial sites for the Li1 and Li3 site in the bc plane (see Fig. 10 ).
Then, we focus on the decrease in due to Li diffusion. That is, when Li + ions diffuse too fast, i.e., ν , such diffusion is invisible by μ + SR. As a result, gradually decreases with T above 250 K, and finally, approaches to the (∼0.18 × 10 6 s −1 ) caused by immobile Li and 55 Mn. In • .
other words, we could deduce the mobile Li + from the change in . Thus the magnitude of was estimated for the Li x MnO 3 phase without Li1, Li2, and/or Li3 by dipole field calculations (see Table III ). Comparing with the experimental result at 200 and 500 K, it is clearly excluded that the Li + ions at the Li2 and Li3 sites, i.e., all the Li + ions in the Li plane, become mobile at high T , because μi (−Li2,−Li3) are too small for explaining the experimental result. Also, it is most unlikely that only the Li + ions at the Li2 site are mobile at high T . Therefore the most reasonable scenario is that the Li + ions at the Li3 and Li1 sites are mobile at high T , but the Li 
where N i is the number of Li sites in the ith path, Z v,i is the vacancy fraction, and s i is the jump distance. Based on the above consideration, n = 2, N 1 = 2, and Z 1 = 1 and N 2 = 2, and Z 2 = 1. From Fig. 10 , s 1 = 1.697Å and s 2 = 1.596Å. In order to extract ν due to Li diffusion, we fitted the ν-versus-1/T curve by a combination of a thermal activation process due to Li diffusion and a T -independent offset signal caused by the fluctuation of Mn moments [see Fig. 11(a) Concerning E a , the value obtained by μ + SR is about 1/3 of E a (0.45eV) estimated from ac impedance measurements for a powder sample. 46 The discrepancy between E a obtained by μ + SR and ac impedance is due to the fact that μ + SR is specially sensitive to a short-range jump of Li + ions, while ac impedance senses the long-range Li diffusion. In other words, since μ + SR is a local probe, a powder sample is approximately equivalent to a single-crystal sample for muons. A very similar discrepancy between E a obtained by NMR and ac impedance is also reported for several materials. 71 Finally, we wish to point out the diffusive nature of the Li-overstiochiometric LiMO 2 
V. SUMMARY
We have investigated the low-T magnetic nature and high-T diffusive behavior of Li 2 MnO 3 using a unique local magnetic probe, i.e., the muon-spin rotation and relaxation (μ + SR) technique. Detailed analysis plus dipole field calculations suggested the formation of the C x -type AF order below T N = 35.768 ± 0.002 K, contrary to the F z -type order proposed by past neutron measurements. From the temperature dependence of a nuclear field relaxation in a paramagnetic state, Li + ions were found to start diffusing above 200 K. Based on the temperature dependence of the field distribution width, the diffusion pathway was assigned along the c axis. Using this diffusion pathway and the field fluctuation rate, a self-diffusion coefficient of Li + ions was estimated as (4.7 ± 0.4) × 10 Here, we wish to show the reliability of the assumption that each μ is bound to the nearest O 2− ion with the distance, d μ-O = 1Å. Figure 12 shows the d μ-O dependencies of μi , E μi , f μi for the F n order, and f μi for the C n order. As d μ-O increases, the distance between μ + and the nearest Li decreases, while that between μ + and the nearest Mn increases. As a result, the change in μi is about 10%, even when d μ-O varies from 0.8 to 1.2Å. Also, E μ1 is very close to E μ2 in the whole calculated range, while E μ1 > E μ2 when d μ-O 1.0Å, and E μ1 < E μ2 when d μ-O > 1.0Å.
For the F n order, there is no combination of f μ1 and f μ2 to satisfy the two precession frequencies, f H and f L , in the d μ-O range between 0.8 and 1.2Å. On the other hand, for the C n order, both the C x and C y orders agree with the experimental result. Since f μi is calculated for μ that d μ-O 1Å. Considering E μi and the number of the μ1 and μ2 sites in the unit cell, the C x order is more likely for the AF spin structure than the C y order. Figure 12 also indicates that the highest internal field at the muon site is H μ = 55 MHz (=4.06 kOe) for the C y order with d μ-O = 0.8Å or H μ = 53 MHz (=3.91 kOe) for the C x order with d μ-O = 0.8Å. This means that all the signals from the muons in the Li 2 MnO 3 lattice of the AF-ordered phase range in the time window of μ + SR. Therefore A lost below T N is most unlikely to be caused by the muons located at the site with very high H μ , but highly likely to be caused by the muonium formation.
